We investigate the B s → µ + µ − decay in the presence of a light stabilized radion, a key ingredient of the Randall-Sundrum model. The branching ratio BR(B s → µ + µ − ) in the standard model is found to be 3.65 × 10 −9 (two order smaller than the experimental upper bound) and thereby, provides the hope for the existence of some new physics which can explain this deficit. We found that in this brane world model for a reasonable range of parameters i.e. radion mass m φ and radion vev φ , the above deficit can well be accomodated. We obtain some lower bound on φ for a relatively light radion by using the experimental upper bound on the branching ratio BR(B s → µ + µ − ). Our prediction can be tested in the future LHC-b factory.
Introduction
The standard model(SM) despite it's enormous experimental success, succumbs some serious drawbacks as far as our understandings of the flavour structure of the quarks and leptons are concerned.
The CKM matrix, telling a lot about the mixing and CP-violation in the quark sector, lacks any dynamical mechanism in it's origin. Simlilarly, the neutrino masses and mixing which is absent in the SM, requires the existence of beyond SM physics. An urge for going beyond the SM (by invoking new physics(NP)) has become a driving force behind most of the present phenomenological studies. Ideas like supersymmetry (with or without R-parity), technicolor, extra-dimension, split fermion as a candidate of NP draw a lot of attention among the physics community and the result is that the LANL archive is flourished by thousands of paper in each year. Among several ingenious ideas the notion of extra spatial dimension(s) ( [1] , [2] ) have become very popular as they partially resolve hierarchy puzzle. Among these the Randall-Sundrum(RS) model (of warped extra spatial dimension ) is particularly interesting from the phenomenological point of view [3] . This model views the world as 5-dimensional and it's fifth spatial dimension is S 1 /Z 2 orbifold. The metric describing such a world can be written as
The pre-factor Ω 2 = e −2kRc|θ| appearing in above is called the warp factor. In Ω 2 , k stands for the bulk curvature constant and R c for the size of the extra dimension. The angular variable θ parametrizes the fifth dimension (x 5 = R c θ). The model is constructed out of two D 3 branes located at the two orbifold fixed points θ = 0 and θ = π respectively. The brane located at θ = 0 (where gravity peaks) is known as the Planck brane, whereas that located at θ = π (on which the SM fields resides and the gravity becomes weak) is called the TeV brane.
The radius R c can be related to the vacuum expectation value (vev) of some modulus field T (x) which corresponds to the fluctuations of the metric over the background geometry (given by R c ).
Replacing R c by T (x) we can rewrite the RS metric at the orbifold point θ = π as
where
K , where M 5 is the 5-dimensional Planck scale [2] and φ(x) = f e −πkT (x) . The scalar fieldφ(x) (i.e.φ(x) = φ(x) − φ ) is known as the radion field [4] . In the minimal version of the RS model there is no potential which can stabilize the modulus field T (x) (and thus the radionφ(x)). However in a pioneering work, Goldberger and Wise [5] were able to generate a potential of this modulus field (by adding an extra massive bulk scalar) field which has the correct minima satisfying kR c ≃ 11 − 12, a necessary condition for the hierarchy resolution.
In this non-minimal RS model (RS model together with the Goldberger and Wise mechanism), the stabilzed radion can be lighter than the other low-lying gravitonic degrees of freedom and will reveal itself first either in the direct collider search or indirectly through the precission measurement.
Studies based on the observable consequences of radion are available in the literature ( [6] , [7] ).
However, the impact of radion in heavy B meson decay, particularly in the rare decay mode, is not fully explored and the present work is an effort in that direction. We have investigated the rare B s → µ + µ − mode in the light of a stabilized radion. The branching ratio BR(B s → µ + µ − ) within the SM is found to be two order smaller than the experimental upper bound 1.
It is worthwhile to see whether this deficit can be accommodated within this brane world model.
The organization of the paper is as follows. In Section 2 we obtain the BR(B s → µ + µ − ) within the standard model and in the presence of a light stabilized radion. We discuss several input parameters: CKM matrix elements, quark and lepton masses, effective wilson coefficients, decay constants in Section 3. Section 4 is fully devoted to the numerical analysis. Here we show how the upper bound of BR(B s → µ + µ − ) can yield some lower bound on radion vev φ for a relatively light radion. We summarize and conclude in Section 5.
the SM is found to be two order smaller than the experimental upper bound. This channel can be useful to test certain class of New Physics, particularly the notion of warped geometry by probing it's moduli (i.e. radion).
Within the standard model(SM), it is found that the B s → µ + µ − decay is dominated by the electro-weak and magnetic penguin [11] type operators.
Including the QCD corrections, the effective Hamiltonian H eff for the above ∆B = 1 transition, can be written as
where the operators O i ( i = 9, 10) (semileptonic operators involving electro-weak (γ, Z) penguin and box diagram) and O 7 (magnetic penguin) [10, 12] are given by,
The wilson coefficients c receives contribution both from the electro-weak penguin and box diagrams and although penguin contribution actually dominates, in the present analysis we consider both the contribution [10, 12] . In above q is the momentum transferred to the lepton pair, m b , the b-quark mass and we have neglected s quark mass in O 7 . Also in our convention
4π is the QED fine structure constant. It is now starightforward to obtain the decay amplitude iM SM (B s → µ + µ − ) and is written as
Using
we find the decay amplitude as below
Several direct and interference terms of the Eq.(9) are listed in Appendix A.
Methodology: New Physics(NP)(moduli/radion contribution)
The light stabilized radion (φ(x)) can potentially be significant in the B s → µ + µ − decay. Since gravitational interaction conserves flavour, radion can not cause flavour-changing neutral current (FCNC) transition b → s at the tree level and it can happen only at the loop level which we will see shortly. The radion interaction with the SM fields (residing on the TeV brane in the brane world configuration) is governed by the 4 dimensional general coordinate invariance. It couples to the trace of the energy-momentum tensor(T µ µ (SM )) of the SM fields and is given by
Here φ is the radion vev and
s being the Pauli matrices, g, g ′ being SU (2) L and U (1) Y gauge coupling constants and Y W , the weak hypercharge). Clearly Eq.(11) manifests that radion intercation with matter conserves falvour at the tree level. The Feynman rules comprising radion interactions with the SM fields are listed in Appendix B.1 (see Figure 1 ). For vertices involving radion-goldstone-goldstone, radion-goldstone-W boson, radion-fermion-antifermion-goldstone we read the Feynman rule for vertices [13] without the radion and then just multiply the factor 1/ φ to get the desired Feynman rule and for goldstone-fermion-antifermion vertex we refer [13] .
A b quark can decay to a s quark together with a ultra-light radion which is then followed by the on-shell φ → l + l − (l = e, µ) decay. Since radion coupling to a pair of fermion (on-shell) is proportional to the fermion mass and m e = m µ × 10 −3 , we do not consider the φ → e + e − decay channel (and thus B s → e + e − decay mode) in our analysis, as it will not lead to useful bound on It is now straightforward to evaluate those diagrams and the effective operator parametrizing the radion contribution to b → sφ process can be written as
. L φ , the factor coming from the loop integral (in the t'Hooft Feynman gauge ξ = 1) have the form
where i, in principle, runs over u, c and t quarks, but in our analysis we set i = t (since m t ≫ m u , m d ) and accordingly
. In evaluating L φ we assume that there is no external momentum flow (actually external momenta is much smaller than the internal gauge boson (W ) and quark mass (t) quark and setting them to zero is a good approximation). Note that the It is now straightforward to write down the amplitude for the radion contribution to B s → µ + µ − decay. The relevant Feynman digram is shown in Figure 3 and the squared-amplitude
The direct and interference terms of the amplitude (Eq. (14)) is presented in the Appendix B.3.
Note that in Figure 3 the radion φ, produced in the annihilation of b and s quarks, decays into µ + µ − pairs. We are working in the Breit-Wigner approximation and in this approximation the radion propagator takes the form
Here q 2 = (p b + p s ) 2 = (p 1 + p 2 ) 2 and Γ φ is the total width of the radion arising from it's decay φ → f f (f = u, d, c, s, t, b, e, µ, τ, ν e , ν µ , ν τ ), W W, ZZ, hh (for the radion decay width and it's branching ratio to several channels see Ref. [14] ).
Combining the SM and NP contributions (i.e. Eq. (9) and (14)), the total decay width Γ(B s → µ + µ − ) can be written as
where |M T 0T | 2 = |M SM | 2 +|M N P | 2 (note that NP and SM inteference terms are written in |M N P | 2 ).
p c is the center of mass (c.o.m) momenta of the two charged muons in the B s rest frame and is given by
Finally the branching ratio BR(B s → µ + µ − ) is given by
where τ B s (= 1.461 × 10 −12 sec) is the life-time of the B s meson [16] .
Input parameters
The decay amplitudes depend on the CKM matrix elements, wilson coefficients, quark and lepton masses and the non-perturbative input like decay constants.
CKM matrix elements, quark masses, wilson coefficients and decay constant
We adopt the Wolfenstein parametrization with parameters A, λ, ρ and η of the CKM matrix as below
We set A and λ = sin θ c at 0.801 and 0.2265 respectively, in our analysis. Other relevant parameters are ρ = ρ 2 + η 2 cosγ and η = ρ 2 + η 2 sinγ, where ρ 2 + η 2 = 0.4048 and γ ≃ 62 o [15] . The and decay constant f B s = 0.20 GeV [17] .
For our numerical calculation we use the following numerical inputs for the wilson coefficients: 
Numerical Analysis: Results and Discussions
It is found that the SM prediction for the branching ratio BR(B s → µ + µ − ) SM is much smaller [11] than the experimental upper bound 1.0 × 10 −7 [8] . It is worthwhile to see whether radion can explain this deficit. Our analysis is as follows:
• Using the above numerical inputs we find
which is almost two order smaller than the experimental upper bound as mentioned above.
• To begin with we first find the total branching ratio
which is a function of m φ and v φ . We treat the radion as an ultra-light object whose mass m φ varies in between 0.25 GeV to 4.8 GeV and in our analysis we set the decay width Γ φ = 0.001
GeV [14] .
• We define R =
, which is a function of radion mass m φ and it's vev φ .
What can we do with the above quantity? Since no data for BR(B s → µ + µ − ) is available (only upper bound exists) our strategy will be as follows:
• Setting R = 10, 50 and 100 we obtain contour plots in the m φ − φ plane which are shown in Figure 4a . In Figure 4b we have shown how R varies as a function of m φ and φ .
• From Figure 4a we see that for R = 10, 50, 100, the lower bound on φ for a given m φ decreases: e.g. for R = 10(50, 100) and m φ = 2 GeV, we find φ ≥ 869(535, 435) GeV.
• For a given R, we see from Figure 4a that the lower bound on φ increases with m φ : for R = 10, it changes from 800 GeV to 1980 GeV for m φ ranging from 0.25 GeV to 4.8 GeV.
For R = 100 and the same m φ range, the lower bound on φ varies from 399 GeV to 1008 GeV. Figure 4(a,b) . Figure 4a corresponds to the contour plots in the mR(m φ ) -vR( φ ) plane. The contour line starting from the top to bottom corresponds to R = 10, 50 and 100, respectively. In Figure 4b , we have shown how R varies with mR(m φ ) and vR( φ ).
• Finally in Figures 4(c,d) 
Comparison with other studies
We next discuss the bound that follows from other studies, particularly, the bound which follows from the muon anomaly data. With the present BNL muon anomaly data and setting δa φ µ = a For m φ = 2 GeV, the lower bound on φ is found as 500 GeV corresponding to δa φ µ = 3.85 × 10 −9 and about 760 GeV for δa φ µ = 1.75 × 10 −9 . The upper bound on BR(B s → µ + µ − ) suggests a lower bound about 650 GeV corresponding to m φ = 2 GeV.
Summary and Conclusion
We analyse the B s → µ + µ − decay in the Randall-Sundrum model in the presence of an ultra-light stabilized radion. Using the present experimental bound of the branching ratio BR(B s → µ + µ − ) (two order smaller than the standard model result), we obtain contour plots in the m φ − φ plane.
For BR(B s → µ + µ − ) = 1.0 × 10 −7 (the present experimental upper bound) and light radion mass m φ = 0.25(4.8) GeV, we obtain the lower bound on φ which is about 580(1450) GeV. Finally, we compare our result with the bound obtained from the BNL muon anomaly data and find some agreement between the two.
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A SM amplitude of the process B s → µ + µ
−
In this appendix, we calculate the square of the SM amplitude of B s → µ + µ − (at the quark level it yields bs → µ + µ − process) of Eq.(9).We define p b , p s , p 1 and p 2 to be the momenta of the b-quark, s-quark, µ + and µ − , respectively and q = p b + p s = p 1 + p 2 . We have
The individual amplitude-square elements are listed below:
where several prefactors are define as follows Here we calculate the amplitude square of the NP contribution to B s → µ + µ − decay (i.e. Eq. (14)).
The squared-amplitude (Eq. (14)) is given by |M N P | 2 = |M 12 | 2 + 2Re(M
